study question: Does extended embryo culture have a different effect on the birthweight of girls and boys? summary answer: The mean birthweight of boys born after fresh and frozen -thawed blastocyst transfer was increased compared with those born after cleavage stage embryo transfer. This effect was not detected among girls.
Introduction
Fertility treatments, using in vitro assisted reproductive techniques (ART), have resulted in over 4 million babies born worldwide (Biggers, 2012) . Continuous and rigorous quality control of all procedures involved in ART is needed, as well as the investigation of possible associated health issues to these treatments. An excess of congenital abnormalities has been observed among ART children, in comparison to spontaneously conceived pregnancies (Qin et al., 2015) . Furthermore, IVF/ICSI treatments are related to an increased risk of adverse perinatal outcomes, such as very low birthweight, low birthweight and small for gestational age (SGA) newborns (Helmerhorst et al., 2004) . It is not clear whether these are associated with the ART's procedures, or to patient-related factors.
The birthweight is related to the children's future health. For example, children large for gestational age (LGA) have a risk of increasing accumulation of fat in early childhood, and LGA is associated with higher risk of severe obesity (Hediger et al., 1999; Cnattingius et al., 2012) . In addition, an increased risk of autism and depression later in life has been reported to be associated with LGA (Ornoy, 2011; Colman et al., 2012; Moore et al., 2012) . Both SGA and LGA children have been shown to have an increased risk of adverse cardio-metabolic profile during childhood and adolescence, referring to an increased risk of cardiovascular disease later in life (Chiavaroli et al., 2014) .
Some studies have investigated the effect of the length of embryo culture on birthweight. In Mäkinen's study, the extended culture of embryos was associated with increased incidence of LGA children (Mäkinen et al., 2013) . Zhu et al. discovered a higher birthweight and more LGA children in singletons from blastocyst transfer, compared with Day 3 embryo transfer (Zhu et al., 2014) . Another study by DeVos could not detect a difference in the mean birthweight between Day 3 and Day 5 embryo transfers (De Vos et al., 2014) . A possible explanation for the increased birthweight after blastocyst transfer could be linked to the epigenetic reprogramming of the embryo genome in the extended culture. The culture environment during blastocyst culture can never completely match the endogenous milieu, and therefore the embryo is predisposed to stress for a longer period of time than during the conventional culture of two or three days. Epigenetic reprogramming influences the expression of genes, and establishes the epigenetic profile of the offspring during the preimplantation period. DNA methylation, the most accurately studied epigenetic mechanism, either promotes or suppresses gene expression, depending on the operating region on the genome. The in vitro culture of an embryo may increase the risk of methylation reprogramming defects leading to abnormal somatic development (Laprise, 2009) . About 50% of the variation in birthweight can be explained by genetic factors (Lunde et al., 2007) , but epigenetic mechanisms have also been discovered to have an impact on the weight of a newborn (St-Pierre et al., 2012; Engel et al., 2014) .
The effect of culture length on birthweight has been studied with conflicting results, but the impact of gender on birthweight has not been considered in the previous studies. We conducted a retrospective cohort study to survey the effect of the IVF culture length on birthweight, both in fresh and frozen -thawed transfers. The secondary aim was to investigate whether gender had an impact on the birthweight of newborns.
Materials and Methods
This is a retrospective multicentre case -control cohort study, undertaken in Tampere University Hospital, Finland; Reproductive Medicine, Karolinska University Hospital, Stockholm, Sweden; and infertility clinic Fertinova, Finland.
The ethical approval
The study plan was approved by the Ethics Committee of Tampere University Hospital, Finland, and the Regional Ethics Committee in Stockholm, Sweden.
Power calculation
The power calculation was based on a difference between experimental and control means of 200 g with SD of 400. The number of subjects needed for the experimental group and control group is 64 + 64 to reject the null hypothesis stating that the population means of the experimental and control groups are equal with probability (power) 0.8. The type I error probability associated with this test of this null hypothesis is 0.05.
Patients
We analysed all the Day 5 -6 fresh and frozen -thawed embryo transfers leading to a singleton live full-term delivery ≥37 weeks, in the time-period from January 2008 to March 2014. As a control we used Day 2 -3 fresh and frozen -thawed transfers from the same centre and time-period, also leading to a live full-term singleton delivery with a newborn of same sex and with birth at the same full gestational week than the case.
Of the 142 fresh blastocyst cases and Day 2-3 controls 75 were collected from Tampere University Hospital, 53 from Karolinska University Hospital, and 14 from Fertinova clinic, Finland. The frozen-thawed blastocyst cases and Day 2 -3 controls (n ¼ 135) were collected from Tampere University Hospital. There were 67 boys and 75 girls in the fresh blastocyst group (n ¼ 142) and 68 boys and 67 girls in the frozen-thawed blastocyst group. Information about the infertility treatments, and patient characteristics, were obtained from the medical records. Day 4 embryo transfers were not included, and only cycles with autologous oocytes were included.
The blastocyst transfers and controls were adjusted by gender and gestational age in terms of full gestational weeks. The study group consisted of 277 Day 5 -6 transfers and 277 Day 2 -3 controls all leading to a singleton fullterm delivery. Of these, 142 were fresh blastocyst transfers with 142 fresh Day 2-3 controls and 135 frozen blastocysts with 135 frozen Day 2 -3 controls. In addition to comparing the weights of the babies born after blastocyst replacement with babies born after cleavage stage replacement with adjusted gender and gestational age, we compared the weights to the populationbased references for birthweight by Sankilampi et al. (2013) . SGA (small for gestational age) and LGA (large for gestational age) were defined as 22 SD or +2 SD above the sex, and gestational age-specific reference mean. The primary outcome was the difference in weight at birth, between children born from fresh and frozen -thawed cleavage stage (Day 2 -3) and blastocyst stage (Day 5 -6) embryos. Secondary outcomes were the differences in the deviation from the gender and gestational week adjusted reference weights between groups.
The controlled ovarian hyperstimulation protocol
The treatments were performed at each centre accordingly to their routines. In brief, the controlled ovarian stimulation was accomplished using either antagonist (Orgalutran Organon, Ireland) was used to induce follicular growth, and the hCG was administered when the leading follicle reached 18 mm in the agonist protocol, and 17 mm in the antagonist protocol. Thirty-six hours after the hCG injection, the oocytes were collected, using transvaginal ultrasound-guided puncture. The luteal support consisted of vaginally administered progesterone, and the embryo replacement was performed under ultrasound monitoring.
Culture conditions
The culture media were supplied by Origio (Måløv, Denmark) or Vitrolife (Gothenburg, Sweden). Successful fertilization was confirmed 16 -18 h after the insemination (hpi). The normally fertilized zygotes were cultured in sequential media, using ISM1 TM (Origio) as the cleavage stage medium until Day 2 or 3, or G-1 TM PLUS (Vitrolife) until Day 3. The cleaved embryos were moved from ISM1 TM to blastocyst culture in BlastAssist TM (Origio) on Day 2, or in ISM2 TM (Origio) on Day 3, or from G-1 TM PLUS to G-2 TM (Vitrolife) on Day 3. The blastocyst culture was performed in a reduced oxygen atmosphere (6% CO 2 /6% O 2 /88% N 2 ) until Day 5 or 6.
The freezing and thawing protocols
Cleavage stage embryos were frozen using an Embryo Freezing Pack (Origio) and the standard slow-freezing method. Thawing was performed using the Embryo Thawing Pack. The survived embryos were cultured overnight in BlastAssist, and those that had cleaved were selected for embryo transfer. Blastocyst stage embryos were vitrified using CBS TM High Security Vitrification straws (Cryo Bio Systems, Paris, France), and a VitriFreeze ES TM vitrification kit (FertiPro, Beernem, Belgium). They were thawed the day before transfer, and cultured overnight in Blast Assist (compacted morulae or early blastocysts), or on the day of the transfer (developmental stages 2 -6 according to Gardner and Schoolcraft, 1999) , using the VitriThaw ES TM thawing kit.
Frozen-thawed embryo transfers
The frozen -thawed embryo transfers (FET) were performed in spontaneous or hormone-substituted cycles. In hormone-substituted cycles, estradiol hemihydrate as tablets (Zumenon w Abbot Biologicals BV, Neatherlands, 2 mg three times a day) or transdermal patches (Estradot w Novartis Pharma GmbH, Germany, 100 -150 mg twice a week) from the beginning of the menstrual cycle were used, in addition to natural vaginal progesterone tablets (Lugesteron w Besins Healthcare Ltd, France, 200 mg × 3 a day), starting when the endometrial thickness measured 7-8 mm. One or two embryos were transferred using ultrasound guidance. The clinical pregnancy was assessed with a transvaginal ultrasound 5 weeks after the embryo transfer.
Statistical analyses
A pairwise t-test was used for a matched analysis between weights of cleavage stage embryo babies, and blastocyst stage embryo babies. Student's t-test was used for comparing weight between genders, and also between fresh and frozen -thawed embryo transfers. One-way ANOVA was used to test the effect of stimulation, IVF/ICSI, gestational diabetes or parity on the results and the Spearman's correlation was calculated to find any correlation between mothers age and weight of the newborns. A statistical analysis was performed using the IBM SPSS software (v19.0 Armonk, NY, USA).
Results
We compared the weights of the newborns between the study groups, and population-based references for birthweight at the corresponding week (Sankilampi et al., 2013) .
The maternal characteristics
Clinical characteristics of the patients are summarized in Table I . There were no patient differences between the blastocyst and cleavage stage embryo groups, in terms of maternal age, BMI, length, height and parity. In all groups the most common causes of infertility were male and unexplained infertility. The distribution of IVF/ICSI cycles was between 40 and 50% in all groups. Long agonist was the most frequently used stimulation protocol in all groups, while short agonist was used only in five cycles in total. Only full-term deliveries were included. More than half of the deliveries occurred in the full pregnancy weeks 39 and 40, both in fresh and frozen embryo transfer pregnancies. The sex ratio of the newborns was quite similar both in fresh and frozen blastocyst transfer pregnancies (percentage of boys 47.2 and 50.4%, respectively). In the FET cycles, the hormonal preparation of endometrium predominated in both the cleavage stage and blastocyst stage groups (81.1 and 81.8%, respectively).
Day 2-3 and Day 5 -6 transfers
The weight of the babies born from fresh blastocysts was higher, in comparison to the fresh cleavage stage embryo infants (weight difference 111.8 g, P ¼ 0.047). When the gender of the baby was considered, the difference remained in boys (weight difference 195.2 g, P ¼ 0.023), but not in girls (weight difference 37.2 g, P ¼ 0.610).
No weight difference was detected between newborns from frozenthawed Day 2-3 and frozen -thawed Day 5-6 transfers as a group (weight difference 3.4 g, P ¼ 0.95). When the genders were considered separately, the blastocyst boys were heavier than the Day 2-3 boys (weight difference 110.6 g) whereas the blastocyst girls were lighter than the Day 2-3 girls (weight difference 119.2 g). These differences did not reach statistical significance.
When fresh and frozen -thawed embryos were assessed together the blastocyst boys were significantly heavier than Day 2-3 boys (weight difference 152.6 g, P ¼ 0.009). In the girls group almost no difference existed (weight difference 36.6 g, P ¼ 0.49) (Fig. 1) . This effect was also observed when the weights were compared with the gender and pregnancy week adjusted population-based reference weights (Fig. 2) . The boys from fresh Day 2 -3 embryos weighed 176.6 g less than the sex-and pregnancy week adjusted reference weight, but the boys from fresh blastocysts were slightly heavier than the reference weight (difference in the deviation from the reference weight 195.2 g, P ¼ 0.015). Both the cleavage stage embryo and blastocyst girls were lighter than the reference weight (Table II) .
4.9% of the fresh blastocyst newborns were large for gestational age (LGA), defined as .2 SD more than reference mean weight, compared with 1.4% of the cleavage stage embryos
Fresh and frozen-thawed embryo transfers
Day 2-3 frozen -thawed babies were heavier than babies from fresh Day 2-3 embryo transfers (weight difference 232.1 g, weight difference P , 0.001) (Table III) . This difference was statistically significant both in girls (weight difference 250.9 g, P ¼ 0.001), and boys (weight difference 210.2 g, P ¼ 0.006). Also Day 5-6 frozen-thawed boys were heavier than boys born from fresh Day 5-6 embryos, but the difference was not statistically significant. SGA (small for gestational age) and LGA (large for gestational age) defined as 22 SD or +2 SD above the sex, and gestational age-specific reference mean. FET, frozen -thawed embryo transfer.
Boys and girls
Boys presented with higher weights at birth than girls in all the groups investigated. The boys born after blastocyst (both fresh and frozenthawed included) replacement were 230 g heavier than girls born after blastocyst replacement (P , 0.001) ( Table IV) . The weight difference between girls and boys was even more prominent in the newborns born after frozen-thawed blastocyst replacement (mean difference of 242.7 g, P ¼ 0.002) (Fig. 3) . The weight difference between girls and boys in cleavage stage (both fresh and frozen-thawed included) was markedly less prominent, 41.1 g (P ¼ 0.453). No associations were observed between weight differences of the newborns and the mothers' age, parity, gestational diabetes, stimulation protocol or performance of IVF or ICSI.
Discussion
The most important finding of our study was the increasing weight difference between the genders emerging after extended embryo culture. In fresh embryo group the blastocyst boys were significantly heavier than Day 2-3 boys, whereas in the girls no significant weight difference existed. In the frozen-thawed embryo group, the blastocyst boys tended to be heavier but the blastocyst girls lighter than the newborns from Day 2 -3 frozen -thawed embryos. The boys born after blastocyst replacement were significantly heavier than girls born after blastocyst replacement, but also heavier than Day 2 -3 boys. Our study showed that there was no difference between the birthweights of babies born from frozen -thawed cleavage stage embryos or frozen -thawed blastocysts. The results of our study confirm the earlier findings stating, that newborns from fresh blastocyst transfers are heavier than ones born from fresh cleavage stage embryos (Pelkonen et al., 2010; Pinborg et al., 2010; Mäkinen et al., 2013; Zhu et al., 2014) . Similarly, the earlier finding of heavier babies born from frozen-thawed cleavage stage embryos, compared with babies born from fresh cleavage stage embryos was confirmed in the study at hand. In our study, the boys from frozen blastocyst transfers were 242.7 g heavier than girls from frozen blastocyst transfers while the boys from fresh blastocyst transfers were 211.5 g heavier than girls from fresh blastocyst transfers. In cleavage stage, the difference between boys and girls was less evident. Boys are heavier than girls in spontaneous pregnancies, and the same difference is seen in IVF fresh embryo transfer pregnancies (Cogswell and Yip, 1995; O'Neill et al., 2014) . Factors affecting the birthweight, such as gestational age, pre-eclampsia, maternal diabetes and parity, have been discovered to influence genders unequally, affecting one sex more than the other (Lehre et al., 2013) . Our results could indicate that the longer culture affects boys more than girls.
We took into the analysis many factors affecting the birthweight, the most important being the gestational week at birth and the gender of the newborn, to which the controls were matched. Only singleton fullterm pregnancies from own gametes were included, and also other possible factors such as the mother's age, parity, BMI, the treatment method (IVF/ICSI), aetiology of the infertility, ovarian stimulation protocol, and the diabetic tendency during the pregnancy, were considered in the data analysis.
The pre-pregnancy BMI affects the newborns weight, so that one unit increase in the mother's BMI increases the baby's weight by 20.3 g (Fleten et al., 2010; Yu et al., 2013) . Weight gain during pregnancy, maternal age, height and gestational duration are related to increased birthweight, whereas primiparity, smoking and the female gender are associated with a decrease in birthweight (Pavić et al., 2011; Terada et al., 2013; Suzuki et al., 2014) . Compared with spontaneously conceived newborns, children born from assisted reproductive technology are smaller at birth, partly due to increased rate of multiple pregnancies, 
Figure 2
The mean deviation (g) of the weights of the newborns from the sex-and gestational age-adjusted reference weights (Sankilampi et al., 2013) . FET and Fresh combined. Mean and 95% CI. and the trend to deliver at earlier weeks, partly being related to the procedure of assisted reproduction or the subfertility itself (Schieve et al., 2002; Jackson et al., 2004; Allen et al., 2008) . Furthermore, singleton pregnancies after assisted reproduction are related to higher rates of complications, such as prematurity and malformations, in comparison with naturally conceived babies. In O'Neill's study, IVF reduced birthweight by 81 g in comparison with newborns from spontaneous pregnancies (O'Neill et al., 2014) , but also no difference in birthweight has been reported (Romundstad et al., 2008) . In our study material, Day 2-3 fresh embryo newborns weighed 136.9 g less than the reference children at birth, whereas the weight of newborns from blastocysts deviated only 25.1 g from the reference weight.
In several studies the newborns from frozen -thawed embryo transfers have been found to be heavier than babies from fresh embryo transfers, considering both the cleavage stage and blastocyst embryos (Pelkonen et al., 2010; Wikland et al., 2010; Wennerholm et al., 2013) . In our study, the babies born from frozen-thawed embryos were significantly heavier, than babies from fresh embryos, both in cleavage stage and blastocyst stage. Many causes have been suggested for the higher weight in newborns from frozen embryos, such as the hormonal excess in fresh embryo transfers, compared with the more natural milieu in the frozen embryo transfer cycles. It could be speculated that the freezing-thawing process itself can influence the embryo in the early preimplantation period, predisposing it for epigenetic reprogramming and changing the embryo's metabolism. The freezing-thawing process eliminates embryos with lower adaptation capacity, which can theoretically select embryos with better growth potential (Wennerholm et al., 2013) . This theory is supported by the finding, that less preterm births and low birthweights were found among children born after frozen embryo transfers, compared with those born after fresh embryo transfers (Wennerholm et al., 2009) . Vitrification may also have an impact on the newborns' weights. In a recent study, Day 3 embryo vitrification resulted in increased mean birthweight, compared with slow freezing, but no difference was found in the mean weight of babies born from fresh and slow frozen-thawed Day 3 embryos (Liu et al., 2013) . In another study, the mean weight of the vitrifiedthawed Day 3 embryo babies was higher than fresh Day 3 embryo babies (Shi et al., 2012) . The slow freezing method has been used with cleavage stage embryos, but the vitrification, used with blastocysts, is increasing regardless of the age of the embryos. The impact of the embryo freezing method on the newborns' weight is to be verified in the future. The effect of the embryo culture media on the birthweight, has been investigated with conflicting results (Dumoulin et al., 2010; Nelissen et al., 2012; Carrasco et al., 2013) .
In a study comparing the effect of the embryo culture length on the newborns' weight, using the growth charts of the general population as reference, no differences in the mean weights of babies was found, but the percentage of LGA infants in the blastocyst children was high, 18.8% (Mäkinen et al., 2013) . In the study by Ishihara, the percentage of LGA children was 12.4 in newborns from fresh, and 18.2 from frozen -thawed blastocysts (Ishihara et al., 2014) . Also in the study by Zhu, a higher proportion of LGA children was born from blastocysts, compared with cleavage stage embryos, and the absolute birthweight of babies born from fresh blastocysts was significantly higher (Zhu et al., 2014) . Contradictory results has also been reported; Fernando did not observe differences in proportions of LGA or SGA newborns in a study of 4200 women, comparing the outcomes of blastocyst and cleavage stage embryo transfer pregnancies (Fernando et al. Increased birthweight of blastocyst boys 2012). In our study, only 4.9% of the fresh blastocyst transfer newborns were LGA children, probably because the used LGA definition was more strict (mean + 2 SD) than in Mäkinen's study. We could assume that blastocyst babies are heavier than cleavage stage embryo babies throughout, since those few LGA babies cannot explain the weight differences between the groups. The strengths of our study include gender and gestational age adjusted cleavage stage embryo controls, and the fact that all the children were born full-term, referring to somewhat uncomplicated pregnancies. Our study was limited by the retrospective design, which prevented collecting a complete data of factors affecting the birthweight, such as smoking or presence of hypertension or pre-eclampsia, and the data regarding gestational diabetes remained unclear in almost 50% of cases.
Our study verifies the earlier observations about weight difference between babies born from fresh blastocyst stage and cleavage stage embryos, and also between babies born from frozen -thawed cleavage stage compared with fresh cleavage stage. New finding was the increase of the gender difference in the birthweight favouring boys in blastocyst children. It is not known, what consequences the increased birthweight carries, considering the future health of the child, and this question remains a subject for follow-up studies. Further studies are also needed to reveal the different mechanisms of the culture milieu, which may affect embryo development. The reason for the weight differences among newborns remains unclear, but it could be caused by extended exposure and handling of the embryo during the sensitive preimplantation period. These preliminary results need to be confirmed in prospective studies with a larger study material. Figure 3 Plots of weight (g) at birth (mean with 95% CI) of boys and girls born after replacement of fresh or frozen-thawed (FET) embryos either Day 2-3 or Day 5-6.
